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PPost-Infarction Ventricular
Arrhythmias Originating in Papillary Muscles
Frank Bogun, MD, Benoit Desjardins, MD, Thomas Crawford, MD, Eric Good, DO,
Krit Jongnarangsin, MD, Hakan Oral, MD, Aman Chugh, MD, Frank Pelosi, MD, Fred Morady, MD
Ann Arbor, Michigan
Objectives The aim of this study was to define the role of papillary muscles (PAPs) in post-infarction ventricular arrhythmias.
Background Papillary muscles have been implicated in arrhythmogenesis; however, their role in post-infarction ventricular
arrhythmias has not been well-defined.
Methods In a series of 9 patients (age 65  9 years, ejection fraction 0.36  0.1) with post-infarction ventricular arrhyth-
mias, electroanatomic mapping in conjunction with intracardiac echocardiography demonstrated that 1 of the
PAPs was involved in the arrhythmia. Magnetic resonance imaging with delayed enhancement (DEMRI) was per-
formed in all patients without contraindications. A consecutive series of 9 patients (age 64  8 years, ejection
fraction 0.32  0.14) with ventricular arrhythmias that did not originate from the PAP served as a control group
and also underwent DEMRI.
Results Heterogeneous uptake of gadolinium during magnetic resonance imaging was observed more frequently in ar-
rhythmogenic PAPs than in PAPs that were not involved in ventricular arrhythmias (p  0.01). The PAPs in the
control patients did not take up contrast or show homogeneous contrast uptake. Radiofrequency ablation elimi-
nated all arrhythmias originating from PAPs. Echocardiography after the ablation showed no new or worsened
mitral regurgitation.
Conclusions Papillary muscles that lie within an infarct zone might give rise to ventricular arrhythmias. Heterogeneous up-
take of gadolinium in magnetic resonance images might be predictive of arrhythmogenic PAPs. Radiofrequency
catheter ablation of ventricular tachycardia and ventricular ectopy arising in a PAP has a high success
rate. (J Am Coll Cardiol 2008;51:1794–802) © 2008 by the American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2008.01.046e
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nhe papillary muscles (PAPs) have been implicated in
rrhythmogenesis (1–3). However, few reports have de-
cribed their role in generating ventricular arrhythmias in
umans. The PAPs that lie within a zone of infarction have
lectrophysiological properties similar to other infarcted
yocardium (4). The purpose of this study was to assess the
ole of the left ventricular PAPs in generating ventricular
rrhythmias in a consecutive series of post-infarction pa-
ients undergoing left ventricular mapping and ablation
or symptomatic ventricular ectopy or ventricular tachy-
ardia (VT).
ethods
atient characteristics. The subjects of this study were 9
ost-infarction patients in whom the arrhythmia originated
rom the University of Michigan Medical Center, Ann Arbor, Michigan. Drs. Oral
nd Morady served as consultants to Biosense Webster.u
Manuscript received August 2, 2007; revised manuscript received January 23, 2008,
ccepted January 27, 2008.ither from the anterolateral or the posteromedial left
entricular PAP (Table 1). All patients without contraindi-
ations for magnetic resonance imaging (MRI) underwent
RI. The patients had been referred for mapping and
adiofrequency ablation of symptomatic premature ventric-
lar complexes (PVCs) (n  5) or VT (n  4). Two of 9
atients had an implantable cardioverter-defibrillator
ICD); they were referred for frequent ICD discharges. One
atient was being treated with sotalol, and the other patients
ere being treated with a beta-blocker but no other antiar-
hythmic medications.
The patients were selected from a consecutive series of 58
atients with post-infarction ventricular arrhythmias. Nine
onsecutive patients (of the 58 patients) without a contra-
ndication for a cardiac MRI also underwent cardiac MRI
nd served as a control group. None of these 9 patients had
T or PVCs originating in a PAP.
The 12-lead electrocardiogram recordings of PAP and
on-PAP arrhythmias that were targeted were compared
sing previously described criteria (5,6), including bundle
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May 6, 2008:1794–802 Papillary Muscles and Ventricular Arrhythmiasranch block, axis, morphology in V1, as well as R-wave
ransition from V1 to V6 and notches in the precordial leads.
n the presence of a predominant R-wave in V1, the
recordial transition of the R- to S-wave was assessed. We
ompared early (V1 to V3) versus late (V4 to V6) R- to
-wave transition. Notches were defined as deflections in
he QRS complex in addition to a triphasic pattern.
lectrophysiological study. After informed consent was ob-
ained, a 6-F electrode catheter was introduced into the
ight femoral vein and positioned in the right ventricle.
rogrammed right ventricular stimulation was performed at
right ventricular sites with 1 to 4 extrastimuli. Systemic
eparinization was carried out throughout the procedure
ith a target activated clotting time of 300 s.
An electroanatomical mapping system (CARTO, Bio-
ense, Diamond Bar, California) with an 8-F catheter
Navistar 4-mm-tip electrode or Thermocool 3.5-mm-tip
lectrode, separated by 1 mm from a 2-mm ring electrode)
as used in all patients. The Navistar catheter was used in
patients (4 with PAP-related arrhythmias), and the
hermocool catheter was used in the remaining 13 patients.
lectrograms were filtered at 50 to 500 Hz. The intracar-
iac electrograms and leads V1, I, II, and III were displayed
n an oscilloscope and recorded at a speed of 100 mm/s.
ccess to the left ventricle was obtained via a retrograde
ortic approach.
Electroanatomical voltage mapping was performed dur-
ng sinus rhythm (Fig. 1), and sites with a voltage 1.0 mV
ere considered to be scar; a voltage of 1.0 to 1.5 mV was
efined as border zone. Bipolar pacing was performed at all
ites with electrograms 1.5 mV, to identify critical VT
ites (7).
Characteristics of Patients With and Without Ar
Table 1 Characteristics of Patients With an
Patient/Age (yrs)/Gender MI Location EF Arr
#1/54/M Inferior 40 P
#2/48/M Inferior 20 P
#3/72/M Inferior 45 VT
#4/63/M Inferior 50 VT
#5/70/M Inferior 35 P
#6/64/M Inferior 30 P
#7/76/F Lateral MI 25 VT
#8/70/M Inferior 30 VT
#9/69/M Anterior 47 P
#10/74/F Anterior 30 VT
#11/65/F Inferior 25 VT
#12/59/M Inferior 15 P
#13/62/M Inferior 15 P
#14/51/M Inferior 40 VT
#15/56/M Inferior 50 VT
#16/68/M Anterior 45 P
#17/74/M Anterior 19 P
#18/64/M Inferior 50 PEF ejection fraction; ICD implantable cardioverter-defibrillator implanted;
ventricular complex; VT  ventricular tachycardia.Activation mapping was per-
ormed during ventricular ectopy
r VT. Purkinje potentials were
ought during sinus rhythm and
uring ventricular ectopy/VT at
he site of earliest ventricular ac-
ivation or at the VT exit site.
undle branch re-entry and fas-
icular VT were ruled out with
stablished criteria (8–10).
With the clipping plane per-
endicular to the long-axis ori-
ntation of the heart, the dis-
ance between the critical site of
VT or the earliest activation
ite during a PVC and the closest point on the endocardial
hell of the electroanatomic map was determined (Fig. 2). If
he site of a critical component of an arrhythmia was not on
he surface of the endocardial shell of the electroanatomic
ap, intracardiac echocardiography (Cypres, Acuson,
ountain View, California) was used to confirm contact of the
blation catheter with the PAP (Fig. 3).
The VT isthmus sites were identified by 1 or more of
he following criteria: for hemodynamically tolerated VTs:
) concealed entrainment with termination of VT during
adiofrequency energy delivery; and 2) VT termination by
echanical pressure with the mapping catheter; and for
Ts that were not hemodynamically tolerated, an isthmus
as defined as a site where there was a match in QRS
orphology between the pace-map and the VT. Although
o direct proof could be provided that this type of site was
ndeed a critical isthmus, a prior study demonstrated that
hese findings are present at effective ablation sites in a
mias Involving PAPs
hout Arrhythmias Involving PAPs
ia No. of Induced VTs/ICD Arrhythmogenic PAP
0/no Posteromedial
0/yes Posteromedial
6/yes Posteromedial
1/yes Posteromedial
0/no Posteromedial
0/yes Posteromedial
1/yes Anterolateral
8/yes Posteromedial
0/no Anterolateral
3/yes None
2/yes None
6/yes None
4/yes None
1/yes None
1/no None
0/no None
0/no None
0/no None
Abbreviations
and Acronyms
DEMRI  magnetic
resonance imaging with
delayed enhancement
ICD  implantable
cardioverter-defibrillator
MRI  magnetic resonance
imaging
PAP  papillary muscle
PVC  premature
ventricular complex
VT  ventricular
tachycardiarhyth
d Wit
hythm
VCs
VCs
, PVCs
VCs
VCs
, PVCs
VCs
VCs, VT
VCs, VT
VCs
VCs
VCsMImyocardial infarction; PAP papillary muscle; PVC premature
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Papillary Muscles and Ventricular Arrhythmias May 6, 2008:1794–802ritical isthmus.(7) The site of origin of ventricular ectopy was
efined as the site of earliest endocardial activation where
adiofrequency ablation eliminated the ectopy (Fig. 4).
If ventricular ectopy was infrequent or if VT was
emodynamically unstable, pace-mapping was used to
dentify the exit site of the VT or the site of origin of the
VC (7).
adiofrequency ablation. Applications of radiofrequency
nergy were titrated to achieve a 10-Ohm impedance drop
power range 30 to 50 W) and were delivered during
entricular ectopy or VT. The applications were continued
or at least 30 s if there was an appropriate impedance drop.
f the targeted ventricular arrhythmia stopped within 30 s,
he energy application was continued for 60 s and was
ollowed by a second 60-s application. If the ectopy or VT
id not terminate within 30 s, the radiofrequency energy
pplication was terminated and another target site was
ought. After ablation, programmed right ventricular stim-
lation was repeated. Successful catheter ablation was de-
ned as termination of ventricular ectopy or VT by an
pplication of radiofrequency energy and the inability to
nduce VT by programmed stimulation.
The study protocol was approved by the Institutional
eview Board of the University of Michigan Health
ystem.
RI. Before the ablation procedure, 6 of the study patients
nderwent cardiac magnetic resonance imaging with de-
ayed enhancement (DEMRI). The MRI was not feasible in
patients who had an implantable defibrillator. One patient
Figure 1 Voltage Map
(Left) Voltage map of the posteromedial papillary muscle (PAP) in Patient #2, who
the premature ventricular complexes (PVCs) was the scar zone (voltage 1.0 mV),
age map of the remainder of the left ventricle. The left ventricular apex is cut awaad a recent coronary stenting procedure, and an MRI was oot performed. Magnetic resonance images from the study
atients were compared with those of a control group of 9
onsecutive post-infarction patients with VT or PVCs not
rising from a PAP who also underwent DEMRI.
The MRI studies were performed on a 1.5-T MRI
canner (Signa Excite CV/i, General Electric, Milwaukee,
isconsin) with a 4- or 8-element phased array coil placed
ver the chest of patients in the supine position. Images
ere acquired with electrocardiography gating during
reath-holds. Dynamic short- and long-axis images of the
eart were acquired with a segmented, k-space, steady-state,
ree-precession pulse sequence (repetition time 4.2 ms,
chocardiography time 1.8 ms, 1.4  1.4 mm in-plane
patial resolution, 8 mm slice thickness). Fifteen minutes
fter administration of 0.20 mmol/kg of intravenous gado-
inium diethylenetriaminepentaacetic acid (Magnevist, Ber-
ex Pharmaceuticals, Wayne, New Jersey), 2-dimensional
elayed enhancement imaging was performed with an
nversion-recovery sequence (11) (repetition time 6.7 ms,
chocardiography time 3.2 ms, in-plane spatial resolution
.4  2.2 mm, slice thickness 8 mm) in the short-axis and
ong-axis of the left ventricle at matching cine-image slice
ocations. The inversion time (250 to 350 ms) was opti-
ized to null the normal myocardium. On the DEMRI, the
ajor heads of the anterolateral and posteromedial PAPs
ere traced with the Osirix (version 2.7.5) Dicom Viewer
oftware (Geneva, Switzerland) and their volumes were
omputed. The images were examined for heterogeneous
prior inferior wall myocardial infarction involving this PAP. The site of origin of
to an area with higher voltage. (Right) Voltage map of the PAP within the volt-
ing a view of the PAP and the posterolateral wall. MVA  mitral valve annulus.had a
close
y, allowr homogeneous uptake of gadolinium (Figs. 5A and 5B).
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May 6, 2008:1794–802 Papillary Muscles and Ventricular Arrhythmiaseterogeneous contrast uptake was present if any cut of the
APs and/or longitudinal axis displayed tissue with heteroge-
eous signal (Figs. 5 and 6). The number of heterogeneous
hort-axis images was determined. The DEMRIs were
Figure 2 Measurement of Intracardiac Distance
Demonstration of measurement of the distance from the papillary muscle (PAP) to
of the endocardial shell at a site critical to a PAP arrhythmia. The distance here is
Figure 3 Intracardiac Echocardiography
(Left) Intracardiac echocardiogram demonstrating that the mapping/ablation cathe
in Figures 1 and 2. (Right) Schematic of the intracardiac echocardiogram in the leeviewed by 2 observers blinded to the results of the ablation
rocedure. Discrepancies were resolved by consensus.
On each image with an area of heterogeneous signal
ithin the PAPs, an estimated region of interest was traced
earest point
m. LV  left ventricle.
in contact with the posteromedial papillary muscle (PAP) shown
el. The mapping catheter (*), mitral valve annulus (MVA), and PAP are indicated.the n
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Papillary Muscles and Ventricular Arrhythmias May 6, 2008:1794–802ithin the area of high signal, and the maximum intensity
in this region was computed. The full area of delayed
nhancement was then automatically determined by a re-
ion growing algorithm as the area encompassing pixels
ith values M/2, with the traditional method of Full
idth Half Maximum (12). A heterogeneity index was
etermined for each PAP (Figs. 5A and 5B) on short-axis
iews; this index was equal to 1  ABS(2R  1), where R
s the ratio of the volume of tissue with delayed enhance-
ent to the total volume of the PAP. If there was
omogeneity in signal (either normal or abnormal), the
eterogeneity index was 0 (Figs. 5A and 5B). If the PAP
Figure 4 Electrograms of PAP-PVCs
(A) The 12-lead electrocardiogram of PVCs originating in the same posteromedial 
origin in the posteromedial papillary muscle. The endocardial activation time is 3
extending beyond the end of the QRS complex. Abbreviations as in Figure 1.
Figure 5 DEMRI Short-Axis Views
(A) Short-axis magnetic resonance imaging with delayed enhancement (DEMRI)
white arrow indicates the portion of the PAP head with contrast uptake, and th
PAP shows homogeneous contrast uptake (thick white arrow). The heterogene
Short-axis DEMRI of PAPs without up-take of gadolinium.ad equal proportions of normal and abnormal signal, the
eterogeneity index was maximal and equal to 1. The
olume of normal (no contrast uptake) and abnormal (with
ontrast uptake) PAP tissue was also traced and measured.
ollow-up. An echocardiogram was performed after the
blation procedure to document whether there was mitral
egurgitation. Patients were seen 3 months after the ablation
rocedure, at which point a 24-h Holter monitor and
chocardiogram were obtained. The mean duration of
ollow-up was 22  9 months.
tatistical analysis. Variables are expressed as mean  1
D. Continuous variables were compared with the Student
ry muscle shown in Figures 1 and 2. (B) Local electrogram at the site of PVC
Note that the sinus rhythm electrogram at this site is fractionated and broad,
anterior papillary muscle (PAP) with heterogeneous contrast uptake. The thin
k arrow indicates the portion devoid of delayed enhancement. The posterior
ex of the anterior PAP was 0.93, compared with 0 for the posterior PAP. (B)papilla
8 ms.of an
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May 6, 2008:1794–802 Papillary Muscles and Ventricular Arrhythmiastest. Discrete variables were compared with the Fisher
xact test or by chi-square analysis, as appropriate. If a cell
ize was5, the Fisher exact test was used. A p value0.05
as considered statistically significant.
esults
lectrocardiographic findings. In the study group, a total
f 16 VTs with a mean cycle length of 274  53 ms (all
ight bundle branch block morphology) were induced by
rogrammed stimulation. In the control group, 17 VTs (7
eft bundle branch block, 10 right bundle branch block;
ycle length: 337  72 ms) were induced. These VTs were
nduced in 6 of 9 patients in the control group; the
emaining 3 patients had PVCs without inducible VT. The
AP arrhythmias all had a right bundle branch block
orphology (7 with superior, 2 with inferior axis), and
mong the 32 non-PAP arrhythmias, 4 had a left bundle
ranch block with inferior axis, 4 had a left bundle branch
lock with superior axis, 7 had a right bundle branch block
ith inferior axis, and 17 had a right bundle branch block
nd superior axis morphology (p  0.1 for comparison of
eft vs. right bundle, p  0.2 for multiple comparisons
ncluding axis). There was no difference in QRS duration
omparing arrhythmias with PAP involvement with ar-
hythmias without PAP involvement (175  29 ms vs. 167
23 ms; p  0.4). The VT cycle length of PAP
rrhythmias did not differ from the VT cycle length of VTs
ot involving the PAP (294  89 ms vs. 308  69 ms; p 
.7). All arrhythmias originating from the posteromedial
AP had a superior axis, and the arrhythmias originating
rom the anterolateral PAP had an inferior axis.
With respect to the precordial QRS complexes, when
Figure 6 DEMRI Long-Axis Views
Two sequential longitudinal magnetic resonance imaging with delayed enhanceme
There was heterogeneous uptake of contrast throughout the arrhythmogenic posteomparing early R- to S-wave transition (V1 to V3) with late a- to S-wave transition (V4 to V6), the presence of a right
undle branch block with late transition was associated with
PAP origin as compared with arrhythmias originating
rom elsewhere (7 of 9 PAP arrhythmias [78%] had this
orphology compared with 10 of 32 arrhythmias [31%]
ithout documented PAP involvement; p  0.02). With
espect to notching, although all 9 PAP-related arrhythmias
isplayed notching in the precordial leads, this was also
requent in arrhythmias originating from sites other than
he PAPs (24 of 32 non–PAP-related arrhythmias; p 
.16).
lectrophysiological findings. Among the 9 patients with
rrhythmias involving the PAP, 5 had PVCs only. The site
f origin of the PVCs was identified in all 5 of these patients
y activation mapping. The site of origin preceded the QRS
omplex by 58  19 ms and was confined to the postero-
edial PAP in 4 and to the anterolateral PAP in 1 patient.
he stimulus-QRS interval was 51  12 ms, which
atched the electrogram-QRS interval. There was a match
f the paced QRS morphology in all 12/12 leads with the
argeted PVC when pacing was performed from the site of
rigin of the PVC.
Four sustained VTs involved the PAP. All of the VTs were
nducible by programmed stimulation and could be terminated
ith overdrive pacing. Entrainment mapping was not feasible,
ecause the VTs were not hemodynamically tolerated. A
ritical isthmus site was found on the posteromedial PAP for 3
f the VTs (Fig. 7A) and on the anterolateral PAP for the
emaining VT (Fig. 7B). The QRS morphology of the
ace-maps at the exit site matched with the induced VTs in
2/12 leads.
arget sites and results of ablation. The critical area
nvolved the posteromedial PAP in 7 of 9 patients and the
RI) cuts in Patient #2.
ial papillary muscle (arrows).nt (DEM
romednterior PAP in 2 of 9 patients.
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Papillary Muscles and Ventricular Arrhythmias May 6, 2008:1794–802Two of the 4 patients with VT involving the PAPs had 14
ther inducible VTs that were not confined to PAPs. A critical
sthmus was identified for 8 of 14 VTs, and these sites were
onfined to an inferior wall scar. In the other 2 patients with
nducible VT, all of the VTs involved the PAPs.
In 1 of 5 patients with frequent PVCs, 4 different PVC
orphologies were present and 1 of them originated from
he posteromedial PAP, with the remaining PVCs originat-
ng from an inferoseptal scar. In the remaining 4 patients
ith PVCs, all arrhythmias were confined to the PAPs.
The site of origins of the PAP PVCs were located within
car tissue (n  4) or the border zone (n  1) and had an
mplitude of 0.4  0.4 mV; they were located on the body
f the PAP. The PAP VT isthmus sites were all located
ithin scar tissue and had a mean amplitude of 0.2  0.07
Figure 7 12-Lead Electrocardiograms of PAP-VTs
(A) A 12-lead electrocardiogram of a ventricular tachycardia (VT) (cycle length 275
block morphology with superior axis and Q waves in the inferior leads. (B) A 12-le
right bundle branch block morphology with inferior axis.V during sinus rhythm (p  0.2). The PAP-related msthmus sites were at a greater distance from the endocardial
hell compared with other VT isthmus sites (10 6 mm vs.
.6  2 mm; p  0.0001). During sinus rhythm there were
o Purkinje potentials at sites critical for arrhythmias
riginating from the PAPs.
Radiofrequency ablation at a PAP was effective in elim-
nating the target arrhythmia in all 9 patients. In the 5
atients in whom PVCs were targeted, the PVC burden was
educed from a baseline of 27.8  10% to 0.4  0.7% (p 
.01) at 3 months after ablation.
A mean of 26 13 applications of radiofrequency energy
ere applied in patients with arrhythmias originating from
he PAPs, compared with 24  19 applications for non-
AP arrhythmias in the other patients (p  0.8). This
ncludes all lesions delivered in patients with PAP arrhyth-
volving a posteromedial papillary muscle (PAP). There was a right bundle branch
trocardiogram of a VT (CL 420 ms) involving an anterolateral PAP. There was ams) in
ad elecias compared with all lesions delivered in patients without
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May 6, 2008:1794–802 Papillary Muscles and Ventricular ArrhythmiasAP arrhythmias. Targeting PAP arrhythmias, a total of
7  8 lesions were delivered (of these, 7  3 radiofre-
uency lesions were delivered on the PAPs; the remaining
esions projected on the endocardial shell). A mean of 10 
applications of radiofrequency energy were required to
blate arrhythmias not originating from the PAPs (p 0.04
omparing number of lesions delivered/arrhythmia: PAP
rrhythmias vs. arrhythmias not involving the PAPs). The
rocedure time tended to be longer in patients with PAP
rrhythmias than in patients without arrhythmias involving
he PAPs (331  77 min vs. 262  62 min; p  0.06). The
uoroscopy time was similar in the 2 patient groups (48 
8 min vs. 55  14 min; p  0.5).
maging of PAPs. The presence of heterogeneous contrast
ptake in a PAP was associated with the PAP being
rrhythmogenic (Fisher exact test; p  0.0001) (Table 2).
eterogeneous contrast uptake was observed in 9 of 30
AP heads that were available for analysis. Six of 9 PAPs
ith a heterogeneous contrast pattern were found to be
nvolved in ventricular arrhythmias. All 6 arrhythmogenic
APs that were imaged by MRI showed heterogeneous
ontrast uptake. None of the PAPs without contrast
ptake or with homogeneous uptake was involved in
entricular arrhythmias.
ollow-up. Echocardiography after ablation did not show
ew or worsened mitral insufficiency in any patient.
Three of the 9 patients with arrhythmias originating from a
AP had recurrent arrhythmias. None of these patients had
nducible VT after the ablation procedure. Two patients had
ecurrent VT terminated by the ICD, and on the basis of
omparison of the far-field ICD stored electrograms, this was
new VT that had not been induced during the first ablation
rocedure. The other patient had recurrent PVCs with a
orphology different than the morphology of the ablated
VCs. One patient in the control group had 2 episodes of VT
esulting in ICD therapy.
iscussion
ain findings. This study demonstrates that VT and
VCs might originate from PAPs within zones of prior
omparison of Magnetic Resonance Imagingf Arrhythmogenic and Nonarrhythmogenic PAPs
Table 2 Comparison of Magnetic Resonance Imagingof Arrhythmogenic and Nonarrhythmogenic PAPs
Arrhythmogenic Nonarrhythmogenic p Value
Number 6 24 —
PAP study patients/
PAP control patients
6/0 6/18 —
Total volume (cm3) 5 3.8 5.4 3.0 0.8
Normal volume (cm3) 3.0 1.9 5.2 3.3 0.2
Abnormal volume (cm3) 2.1 1.8 0.2 0.8 0.001
% abnormal 50 26 13 33 0.02
Heterogeneity index 0.53 0.36 0.01 0.04 0.0001
No. of segments with
heterogeneous uptake
2.5 1.4 0.1 0.3 0.0001
Heterogeneous uptake 6 (100%) 3 (13%) 0.0001pAP  papillary muscle.nfarction. Visual confirmation of PAP involvement was
rovided by intracardiac echocardiography. Heterogeneous
ptake of contrast by PAPs on MRIs was associated with
nvolvement of the PAP in the generation of a ventricular
rrhythmia.
EMRI and post-infarction arrhythmias involving a
AP. In prior studies, heterogeneous contrast uptake in
reas with delayed enhancement was associated with an
ncreased risk of mortality in post-infarction patients (13) or
n increased susceptibility for inducible arrhythmias in
ost-infarction patients (14). Yan et al. (13) hypothesized
hat surviving myocytes in the peri-infarct zone might
ccount for the MRI findings as well as for life-threatening
entricular arrhythmias. In the present study of post-
nfarction patients, a heterogeneous pattern of contrast
ptake by a PAP on MRI was associated with arrhythmo-
enicity of the PAP. This finding is in concert with the
ndings of Yan et al (13). It seems likely that heterogeneous
ontrast uptake in a PAP that lies within an infarct zone
eflects the presence of surviving muscle bundles within a
egion of scar. The surviving muscle bundles in an infarct
one would explain the arrhythmogenicity of a PAP. How-
ver, MRIs might not be feasible in all patients, limiting the
bility to identify tissue heterogeneity in these patients.
Experiments using PAPs in Langendorf-perfused human
earts demonstrated that zig-zag activation of surviving
uscle bundles embedded within scarred PAPs might occur
nd give rise to circuitous conduction pathways that consti-
ute part of a VT re-entry circuit (15). However, ventricular
rrhythmias arising in a PAP in patients with a history of
yocardial infarction have not been described previously.
his might be because imaging techniques such as intracar-
iac echocardiography have not been routinely employed to
etermine whether effective ablation sites in post-infarction
atients with VT or PVCs involved a PAP. The mechanism
f VT involving a PAP seems to be re-entry, because the
Ts were inducible by programmed ventricular stimulation.
igher resolution mapping is required to determine
hether re-entry is also the mechanism of the PVCs
apped to the PAPs.
The ablation procedure was longer and required more
blation lesions in patients with PAP involvement than in
atients without PAP involvement. Additional imaging and
ifficulties with obtaining good contact with the PAP might
ccount for this.
tudy limitations. In this study, intracardiac echocardiog-
aphy was not performed in all patients but only when PAP
nvolvement was suspected on the basis of the electroana-
omic map during sinus rhythm. Therefore, the prevalence
f ventricular arrhythmia involving a PAP might have been
nderestimated. Furthermore, the number of patients in
his study was small, and the actual prevalence of VT or
VCs involving a PAP will need to be clarified in larger
tudies.
We did not systematically assess the electrogram mor-
hology when the catheter was in contact with the PAP and
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uscular interface. The lack of Purkinje potentials at
ffective ablation sites might be secondary to the presence of
car tissue.
During follow-up, recurrent VTs were judged to be the
ame or different than previously ablated VTs by comparing
tored ICD far-field electrograms with the far-field electro-
rams recorded during the ablation procedure. However,
he accuracy of far-field ICD electrograms to assess out-
ome of VT ablation needs further evaluation.
linical implications. Heterogeneous contrast uptake by a
AP in a DEMRI indicates that a post-infarction arrhyth-
ia might originate from a PAP. An arrhythmia with right
undle branch block superior axis morphology with late R-
o S-wave transition suggests involvement of the postero-
edial PAP, and a right bundle branch block inferior axis
orphology with late R- to S-wave transition suggests
nvolvement of the anterolateral PAP. Radiofrequency cath-
ter ablation of ventricular arrhythmias involving a PAP is
afe and does not seem to cause clinically significant PAP
ysfunction.
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